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MATHEMATICAL PAPERS, 8i 



IV. Aftronomkal Obfervations y made in the State of Mafla- 
chufetts. By Profe^or Williams. 

Obfervations of the eclipfes of the fun and moon, in the years 
1761, and 1764 ; and from 1770 to 1784, 

1. An obfervation of a lunar eclipfe, November 12, 1761, at 

Waltham. 

TH E weather was fo cloudy that I could only make the 
following obfervations of this eclipfe.-— 

Temp. app. 

The Ihadow reached ii:^/'/(?r, i6''-59' o" 

Mare Vapor urn, ly 7 40 
Tycho, 14 25 

Menelaus, 17 28 

Mare Crijium, 28 11 

Total Immeriion, 45 10 

2. An obfervation of a lunar eclipfe, March 17, 1764, at 

Waltham. 
The moon rofe behind a cloud that lay along the horizon, 
but foon began to appear : About 6''- lO' I fawher confidcrably 
eclipfed : 'fycho was then covered. 

The Ihadow reached NeSiaris, &°-'^o' 

Copernicus, 32 

Mare Vaporum, 43 

Menelaus, $s 

L Archimedes, 
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The fhadow reached Archimedes^ 


56' 


Mare Crifiumt 


7'- 3 


covers Mare Crifium, 


17 


I'ycho begins to appear. 


8 12 


leaves Mare Crifmm, 


21 


End of the eclipfe. 


39 54" 



Thefe obfervatlons were made with a reflefting telefcope about 
four feet in length : And the clock was adjufted by a meridian 
line, and correfponding altitudes of the fun. 

3. An obfervation of a hhx cclipfe, November 6, 177 1, at 

Bradford* 

The beginning of this eclipfe could not be obferved, the 
weather being cloudy. At i''-36' 42'', it was evident that the 
eclipfe was begun. The clouds prevented alfo any obfervation 
of the quantity of the eclipfe : But I had a good obfervation of 
the end, which was at ^ ^j' 2" apparent time. 

4. An obfervation of a lunar eclipfe, April 6, 1773, at 

Bradford. 

Temp. app. 

Beginning of the eclipfe, 1 4''- 3 2 ' 3 8 /< 

The fhadow reaches Grimaldus, 40 43 

Mare Humor unty 41 ^3 

covers Mare Humor unty 47 38 • 

reaches Tycho, 52 23 

Kepler t 15 i 28 

Copernicus t 11 20 

Mare I'ranquillitatis, 27 13 

Mare Fcecunditatis^ 32 54 

Mare 
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The fhadow reaches Mare Serenitatis, 42' 15'''' 

Mare Crifium, 58 8 

leaves Mare Crifium, ^^^'^'i 23 
Mare Humorum, 45 23 

MareTr&nquillitatist 52 25 

Tycho, 59 38 

End of the eclipfe, 17 20 10 

The laft obfervation was attended with fome uncertainty ;— 
the moon being near the horizon, and the day-light far ad- 
vanced. 

5. An obfervation of a lunar eclipfe, July 30, 1776, at 

Bradford. 
This eclipfe was total : But the beginning of it, and the be- 
ginning of total darknefs were invifible at Bradford, both hap- 
pening before the moon rofe. I was in hopes to have feen the 
end of total darknefs, but was prevented by clouds. At S''- 30' 
the (ky became perfedly clear, fo that 1 had a good obfervation 
6f the end of the eclipfe, which was at 9''- 2 ' 44 ". 

6. An obfervation of a folar eclipfe, June 24, 1778, at 

Bradford. 
The beginning of this eclipfe could not be obferved, the fun 
being wholly covered with clouds . At i o''- 8 ' they broke away : 
And though often interrupted afterwards, I was able to note 
the following phenomena. 

About 10*- 16', the horns of the fun were obferved to have 
an equal altitude, being in a line parallel to the horizon. At 
xo*' 23' the lucid parts of the fun amounted to 2 ' 45 " ^ whence, 

L 2 £S 
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as the fun's apparent diameter was 3 1' 34", the ecHpfed" parts 
were 2.8' 49", or 10 digits and 57 minutes. This was very 
near the time of the greateft obfcuration : But whether it 
was exadtly fo I could not determine, the fun being obfcured 
juft before and after this obfervation. At io''-25' a large fpot 
emerged from the fhadow. At lo^'-jp' four other large fpots 
were wholly within the lucid part. At the end of the eclipfe 
the fky was become cle^r, and by a good obfervation I found 
, this to be at 1 1*"- 38' 16" apparent time. 

During the eclipfe, there was a very fenfible alteration in the 
Hate of the air. A- chill, and a damp were very generally felt. 
The mercury in the thermometer at 9''- 4', juft before the eclipfe 
began,, was at 67 °4-. At io''-2o', it fell to 66°- At the end. 
of the eclipfe it rofe to 73" j andat noon it was at 74°-ii '■ 

As the timfi of the greateft obfcuration came on, that part 
of the ficy which was free from clouds, changed from an azure 
blue, to a more dark and dulky colour : And the dew fell fo faft; 
as to wet the paper we were ufing to a confiderable degree. 

As this eclipfe was total in fome oi \h& fouthern Jlates^ I was 
very defirous to have it carefully obferved in feveral. places, in 
hope that a fufficient number of obfervations might be colled-. 
ed to determine the exad path and limits of the fhadow : And 
it was with much regret that I found myfelf prevented by the 
weather from making a more compleat obfervation. 

7. An obfervation of a lunar eclipfe, Deceijiber 3, 1778, at 

Bradford, . 

Beginning 
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Beginning of the eclipfe. 

The fhadow reaches Mare Serenifatis, 


Temp. app. 

ii''-4i' i4<l 
12 6 6 


Copernicus, 
Mare I'ranquillitatis, 
Mare Crijium, 
leaves Mare Imbrium, 


13 5S 
23 12 

28 15 

13. 47 


Mare Serenitatis, 


54 


Mare Crifium, 
End of the eclipfe, 


59 3<> 
14 5 20 



Thefe obfervations were made in a very fevourable ftate of 
the air. 

8. An obfervation of a lunar eclipfe, and an emerlion of Jupi- 
ter's fecond fatellite. May 29, 1779, at Bradford. 

The emerfion of the fatellite was at 8 58 13 

Beginning of the eclipfe, 10 15 41 

The fhadow touches ?3'^/5<7, 35 15 

Copernicus, 40' 35 

Mare Serenitatis, ii 06 

Mare Crifium, 18 15 

Beginning of total darknefs, 28 39 

End of total darknefs, 12 50 41 

The fhadow leaves 'Tycho, "^3 ^7 7 

Mare Serenitatis, 38 ^y 

Mare Crifium, 54 49 

End of the eclipfe, 14 3 5^ 

During 
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During the wliole time of this eclipfe, the weather was very 
favourable for obfervation. All the obfervations made at Brad- 
ford, were taken with a refledor made by Nairn e, magnifying 
about 55 times. The times were fliewn by a good clock, care- 
fully adjufted by equal altitudes of the fun, the day before and 
the day after the eclipfe. 

9. Obfervations of a folar eclipfe, Odober 27, 1780, made 
on the eaft fide of JLong-IJlandf in Penoifcot-Bay. 
A total eclipfe of the fun is a curious and uncommon phe- 
nomenon. From the principles of aftronomy it is certain that 
a central eclipfe will happen, in fome part of the earth, in the 
courfe of every year : But it is butfeldom that a total eclipfe of 
the fun is feen in any particular place. A favourable oppor- 
tunity prefpnting for viewing one of thefe eclipfcs on Oftober 
27, 1780, dieAmerican Academy of Art«andSeiences, and the 
Univerfity at Cambridge, were delirous to have it properly ob- 
ferved in the eaftern parts of the State, where, by calculation, it 
was expeiSted it would be total. With this view they folicited 
the government of the Commonwealth, that a veflel might 
be prepared to convey proper obfervers to Fembfcot~Bay s and 
that application might be made to the officer who commanded 
the Britifi garrifon there, for leave to take a fituation conveni- 
ent for this purpofe. 

Though involved in all the calamities and dillreffes of a 
fevere war, the government difcovered all the attention and 
readinefs to promote the caufe of fcience, which could have 
been expeded in the moft peaceable and proiperons times ; and 
paffed a refolve, direding the Board of War to fit out the 

Lincoln 



MATHEMATICAL PAPERS. 87 

Lincoln galley to convey me to Fenobfcot, or any other port at 
the eaflward, with fuch afliflants as I fhould judge neceiFary. 

Accordingly, I embarked Odtober 9, with Mr. Stephen 
Bewail, Profeflbr of the Oriental Languages, James Winthrop, 
Efqj Librarian, Fortefque Vernon, A. B. and Meff'rs. Atkins, 
Davis, Hall, Dawfon, Renfalear, and King, Students in the 
Univerfity.. We took with us an excellent clock, an aftrono- 
mical quadrant of 2 4- feet radius, made by Sijfons^. feveral tele- 
fcopesj and fuch other apparatus as were neceflary. 

On the 17th we arrived m Penobfcof-Bay. The vellel was 
diredtedJ to ocMne to anchor in a cove on the eaft fide of Long- 
IJland. After feveral attempts to find a better fituation for ob- 
fervations, we fixed on this place as the mofl convenient we 
had r&£(m to expeft :* And on Ae r9th we put our Inftru- 
ments on fhore, fet up the clock and quadrant in a building 
facing towards the fouth, near the houfe of Mi*. Shubael Willi- 
ams y where die following obfervations were made. 

October 20. 

Correiponding altitudes of the fun taken with a refledor fitted 

with vertical and horizontal wires. 

Time 

* As- the officer who commanded at Penohfcot, in his anfwer to the application of 
the government, had limitted us to a time wholly inadequate to our purpofe, from 
the 25th to the 30th of Odober, we were obliged to make a fecond application for 
leave to enter Penobfcot-Bay Leave was granted, but with a pofitive order to have 
no communication with any of the inhabitants, and to depart on the 28th, the day 
after the eclipfe. Being thus retarded and embarraffed by military orders, and al- 
lowed no time after the eclipfe to make any obfervations. It became neceflary to fet 
up our apparatus and begin our obfervations without any further lofs of time. Iii 
the courfe of which, we received every kind of afllftance fromCapt.Zf^nrji MotvWg 
•f the Albany, which it was in his power to give. 
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Time by the clock. 






Eaftern az. 


Weftern az. 


Meridian. 


B^- 15' 44" 


3'- 


54' 43" 


12^- 


5' 


i3">5 


21 58 




48 28 






13 


28 48 




41 34 






II 


31 30 




38 57 






13' 5 


Mean, 






12 


5 


12, 75 


Equation of altitudes 


y 




-- 




17' 50 


©'s center on the mei 


ridian 


» 


12 


5 


30' 25 


Clock too fail. 








5 


30' 25 



Meridian altitude of the fun's upper liiiib, taken with the af- 



tronomical quadrant. 



Z5' 15' 45 



n 



October 21. 

Correfponding altitudes of the fun taken with a refledor. 
Time by the clock. 



Eaftern az. 
18 



Weftern az. 



Meridian. 



3^- 58' 20" 12^- 6' 



21 
28 



45 

35 
28 



32 7 

ZS 17 

45 53 

Mean, 

Equation of altitudes, 

©'s center on the meridian. 

Clock 'g^s in 24 hours, 



54 
51 

45 

41 

3S 
27 



46 

52 

5 

23 
12 

36 



45 ''.5 
45' 5 
43' 5 
46. 5 

45 

44' 5 
44' 5 



12 

+ 
12 



7 

I 



45 

i7» 5 

2' 5 

32' 25 



October 
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October 22. . 
Thick fog all day. No aftronomical obfervations. At S''- 
15', A.M. I put the clock back 15', and lengthened the 
pendulum. 

October 23. 
Thick fog all day. No aftronomical obfervations. 

October 24. 

Correfponding altitudes of the fun, taken with the quadrant. 
Time by the clock. 



Eaftern az. 


Weftern az. 


Meridian. 


S''- I' 47 <' 


S*^- 44' 


58- 


iih. 


53' 


22",5 


4 55 


41 


52 






23» 5 


7 58 


38 


54 






26 


11 31 


35 


23 






27 


14 57 


31 


51 






?4 


Mean, 


II 


52 


24, 60 


Equation of altitudes. 






~- 




16, 75 


o's center on the meridian. 




II 


53 


4i> 35 


Clock too flow. 








6 


58,65 


Meridian altitude of the fun's 1 


jpper 


limb. 




33''5^'43' 


In the night I obferved the meridian altitude of 




Rigel, 










37 16 15 


SiriuSf 










29 19 


Procyon^ 










51 30 26 



October 25. 
Correfponding altitudes of the fun, taken with the quadrant. 

M Time 
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Time by the deck. 



Eaftern 


; az. 


Weftern. az. 


IV 


leridi 


ian. 


S''- 


31' 


i7'( 


3h. 17, 


,9" 


111'- 


54' 


18'^ 




35 


4 


13 


31 






^7r-S 




36 


43 


1 1 


53 






18 




38 


16 


10 


20 






18 




42 


4 


6 


2^ 






16 




45 


16 


3- 


16 






16 




46 





2 


33 






16, 5 




47 


38 





53- 






15. 5 




49 


16 


2 59 


II 






i3» 5 




S7 


16 


51 


8: 






12 




59 


3' 


49 


25 






14 


9« 


a 


39 


47 


47 






13 


Mean, 


II 


54 


15, 66 


Equation 


of .altitudes. 






+ 




16, 6^. 


o's center on the meridian^ 




II 


54 


32, 29. 


Clock too flow 


1 








5 


27. 71 


Clock ^ins in 


24 hours. 








5o>.94; 



Meridian altitude of the fun's upper limb, 33''3i ' 4'^*'" 

in the night I obferved the meridian altitude of 

Rige/y 37 16 i^- 

Sirius, 29 19 6 

Frocyon, 5i'jc> 30 

October 26. 

Correfponding altitudes of the fun, taken with the qua- 
drant. 

Time 
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Eaftern az. 


Weftern 


I az. 


Meridian. 


S^- 30' 56" 


3'- 19' 


13" 


jih. 


55' 4">5 


32 31 


17 


41 




6 


34 3 


i6 


5 




4 


34 45 


15 


26 




5' 5 


36 2| 


13 


46 




5» 5 


37 56 


12 


13 




4, 5 


Mean, 






II 


55 5 


Equation of altitudes,. 






+ 


16, 53 


g's center on the meridian^ 




II 


55 21, 53 


Clock too flow. 








4 38, 47 


Clock gains in 24 hours. 






49, 24 



October 27. 

Correfponding altitudes of the fun, taken with the quadrant. 
Time by the clock. 



Eaftern az. 


Weftern az. 


Meridian. 


S^' 7' 18" 


.- 3^- 44' 30" 


lib- S5' 54 '^ 


8 32 


43 15 


53. 5 


9 14 

ID 48 


42 32 
40 s^^ 


53 
52 


12 6 

15 41 


39 40 
36 15 


53 
58 


17 23 


34 26 


54. 5 


18 33 


33 13 


53 


19 23 

20 56 
24 II 


32 25 
30 48 
27 36 

M 2 


54 
52 

53' 5 

Eaftern 
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Eailern az. 


Weflern az. 




Meridian. 


25' 


25- 


26' 


18I 






51 'VS 


26 


21 


25 


33 






57 


29 


39 


22 


16 






57> 5 


31 


12 


20 


36 






54 


33 


21 


18 


28 






54. 5 


35 


5 


16 


48 






56, 5 


36 


27 


IS 


26 






56, 5 


Mean, 


„h. 


55' 


54> 33 


Equation of altitudes. 






+ 




16, 40 


o's center on 


the meridian. 




II 


56 


10, 73 


Clock too flow. 








3 


49> 27 


Clock gains in 24 hours. 










49, *a 



Observations of the Eclipse. 
Four perfons obferved the folar eclipfe with me. Profeflbr 
Sewall, James Winthorp, Efqj MelT'rs. Dudley Atkins, and 
John Davis, two young gentlemen of the Univerfity, who had 
made good proficiency in mathematical ftudies, and been pretty 
conftantly employed in making obfervations for feveral days 
before. 

At 8''-20', A. M. with an objedt-glafs micrometer applied to 
a reflecting telefcope of twelve inches focus, made by Shrt, I 
meafured the fun's diameter parallel to the horizon, and by a 
mean of ten obfervations, I found it 32 ' 17", 33. 

With a rcftedling telefcope of two feet focal length, made 
by S&ort, and a magnifying power of ninety times, I obferved 
the beginning of the eclipfe at ii^' 11' 8 ". 

Soon 
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Soon ^fter I had noted the beginning, I adjufted the micro- 
meter to the diredion of the fhadow ; and during the increafe of 
rile ecligfc, made the following ©blervations on the quantity. 





Lucid Parts 








Lucid Parts 




App. ttmb 


by 


the Mi- 


Lucid Parts 


App, time. 


by 


the Mi- 


Lucid Parts 




crometer. 


reduced. 






- crometer. 


reduced. 




J» 


's 











V 


ni 









ti 


u 


ir. 








n 


V 








.< 


rr 


< 








^ 


s 


•^ 
!-.• 




h. / » 




t/> 


B 


/ a 


h. 


/ 1/ 




S" 


t^ 


/ // 


11 27 58 


1 


II 


16 


25 12, 8 


12 


48' 




17 


19 


12 17, 9 


29 I 




10 


16 


24 31, 8 




4 




1& 


10 d 


II 18, 3 


30 12 




9 


12 


23 42. 5 




652 




13 


7 


9 8, 8 


33 38 




8 


7 


22 51, 




9 3 




12 


2 


8 17, 4 


35 49 




7 


i8 


22 32, 6 




12 48 




10 


15 


7 21, 9 


38 14 




5 


12 


20 57, 9 




13 38 




9 


16 


6 42, 8 


42 24 




3 


4 


19 19. 3 




17 26 




7 


2 


4 51. 9 


45 24 




I 


6 


18 I, 2 




19 36 




6 


i7d 


4 41. 5 


49 36 





23 


15 


16 16, 3 




21 24 




5 


i4d 


3 54. 3 


51 53 




2^ 


7 


15 i8, 8 




22 51 




4 


18 


3 21, 4 


54 33 




21 


i8 


15 0.3 




25 13 




2 


10 


I 42, 7 


56 16 




19 


13 


13 27. 8 




26 50 




I 


13 


I 7. 8 


58 35 




18 


7 


12 34. 4 




28 48 






12 


24. 7 



Immediately after the laft obfervation, the fun's limb became 
fb finafl. as to appear like a circular thread, or rather like a very 
fine horn. Both the ends Ipfl their acutenefs, and feemed to 
break off in the form of finall drops or ftars ; fbme of which 
Were rQund, and others of an oblong figure. Th^ would fe- 
||al?^te %o a finajl diftance : Some would appear to run together 
ags&n, and others diminifli until they wholly difappeared. 
Finding it very difficult to meafure the lucid part any longer, I 
obicrve^ ^ain in the larger telefcope, looking out for the total 
imtE^rfion.. After viewing , the fun's limb about a minute, I 
found almoft the whole of it thus broken or feparated in drops, a 
fmall part only in the middle remaining connedled. Plate I. Fig. 
VIL This appearance remained about a minute, when one of my 
affiftapts, who was looking at the fun with his naked eye, ob- 

ferved 



94 



ASTRONOMICAL and 



ferved that the light was Increafing. At this time I could not 
fee any appearance of an increafe of the lucid part. At 1 2''' 
31 ' i8 ", it was evident that the broken parts of the fun's limb 
began to increafe and unite. I immediately applied to the mi- 
crometer and meafured the chord of the lucid part, and found 
it amounted to 42 ° or 43 ° : This was from the extremity of 
each limb taken from the moft diHant parts that were vifible. 
I then meaiiired the connected part of the limb, and found it to 
be 24" or 25°* As the light and limb were by this time very 
fenfibly increafing, I again began to meafure the quantity of the 
lucid part, and made the following obfervations with the mi- 
crometer.* 







liucid Parts 






I-ucid Parts 




App. time. 


by the Mi- 


Lr.cM Parts 


App. time. 


by 


the Mi- 


Lucid Part? 






crometer. 


reduced. 




crometer. 


reduced. 






50 

n 


•3 









S" 


;?^ 


g 








< 


►^ 


«:* 






■< 


M 


<] 




li. / 


n- 




•" 


t~i 


/ H 


h. / // 




? 


H 


/ // 


" 33 


36 





I 


II 


I 3. 7 


6 10 




21 


I 


14 25. s 


35 


48 




3 


I 


2 5. 3 


12 -29 


1 








17 7, 8 


38 


13 




4 


8 


3 o> 8 


H 5 




I 


7 


18 8, 3 


40 


18 




5 


13 


3 52' 2 


17 53 




3 


5 


19 2i» 4 


4J 


24 




8 


15 


5 59. 7 


21 5 




5 





zo 53, 3 


47 


21 




10 


19 


7 30. I 


24 46 




7 


7 


22 9, 9 


49 


7 




It 


2 


7 SIS. 3 


30 12 




lO 


12 


H 25. 5 


SI 


55 




12 


II 


8 35. 9 


33 12 




12 


8 


25 37. 5 


54 


13 




H 


17 


10 10, 4 


35 41 




14 


19 


27 22, 3 


56 


15 




15 


3 


10 22, 7 


39 6 




16 


19 


28 44, 6 


58 







16 


5 


11 8, 


42 25 




18 


19 


30 6, 8 


1 2 


59 




19 


5 


13 II, 4 


46 31 




20 


7 


31 4. 4 



The quantity of the lucid part being now become fo large, 
I prepared to obferve the end : And with the fame telefcope 
which I ufed at the beginning, lobferved the end of the eclipfe 
at i''-5o' 25". 

From 

* I fufpefl there muft be fome inaccuracy in thefe obfervations. Some months' 
after, upon examining the micrometer with which they were taken, I found fome 
parts of it had been difplaced. 
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From thefe oblervations it may be inferred, that the greatefl 
oblcuration was at 1 2^- 30 ' 1 2 " : At which time the fun's limb 
was reduced to fo fine a thread, and fo much broken as to be 
incapable of menfuration. 

Profeflbr Sewall obferved with an achromatic telefcope of 4 
feet, made by DoUandy magnifying 40 times. 

The beginning by his obfervation was at 1 1'^- 1 1 ' 38 ''. The 
end was not accurately afcertained, being difturbed in his ob- 
fervations by fome of the ipedtators. 

Mr. Winthrop obierved with a refledling telefcope, made by 
Nairne, magnifying ^^ times. 

The beginning by his obfervation was at 1 1''- 1 1 ' 38 '* 

Shadow touches the fpots on the N.W. limb, 29 28 

Spots totally immerfed, 30 o 

Shadowtouchesthefirftfpotintheweflernlimb, 44 6 

central fpot, 46 8 

eaftern fpot, ^y 9 

End of the eclipfe, i 50 1 7 to 2 T' 

D. Atkins obferved the beginning and end of the eclipfe 
with a refleding telefcope of 1 2 inches focus, made by Short, 
magnifying about 55 times. His other obfervations were made 
with the telefcope which I ufed to obierve the beginning and 
end of the eclipfe. The following is his account of his ob- 
fervations. 

Beginning of the eclipfe, 1 1 11 13 

The 
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The fliadow touched the center of a large fpot ''• " " 

on the weftern fide of the fun's difc, - - 1 1 30 1 2 
The fhadow touched the center of a long clufter ef 

fpots on the weftern fide of the fun's center, - - 44 7 
The fhadow bifefts the large fpot in the fun's center, 46 24 
The fpot on the eaftern limb of the fun half immerfed, 12 27 i 
The fpot on the eaftern limb of the fuA half wnerged, 40 18 
The long clufter of fpots on the weftern fide of the 

fun half emerged, - - - . 40 28 

The central fpot half emerged, - - 171 

The fhadow left the center of the fpot on the weftern fide, 43 4 
End of the eclipfe, - - - - i 50 28 

J. Davis obferved with the telefcope on the quadrant. It 
gives a very diftinft vifion ; but it's magnifying power is but 
fmall. His account of his obfervations is as follows^ 

Beginning, - - - - 11 11 i6 
Shadow firft touched the largeft fpot in the clufter 

on the N, W. limb, - - - - 29 10 

wholly covered the fame, .^ - 30 9 

Shadow firft touched a large fpot near the center of 

the fun's difc, r. ~ ^ - 46 14 

wholly covered it, - -. 4^ 53 

Firft ipot began to appear, - -- - 12 39 54 

wholly free of the fhadow, « - 41 1 3 

Central fpot firft appeared, . - - 1625 

free of the fhadow, - - 7^4 

Shadow leaves the fun» - « - 1 49 58 

To 
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To have a comparative view of the feveral obfervations, they 
are {et down together in the, following table. 



OWervers. 


Beginning. 


End. 


Telefcope madenfe Magnifying 
of. power. 


Mr. Williams, 


Ilhll' 8" 


ihjo'zj" 


2 feet refleftor, 90 


Mr. Sewall, 


II II 38 




4 feet achromatic, 40 


Mr. Winthrop, 


II II 38 


I 50 171021 


1 foot refledor, 55 


D. Atkins, 


II II 13 


1 50 28 


I foot refleiftor, 5 5 


J. Davis, 


II 11 J 6 


I 49 5.8 


2-1 feet achromatic, imai. 



Whilft we were making the above obfervations, there was 
little wind, and no cloud to be feen. But the air was not per- 
feftly clear, being a little thick, or hazy. . 

From the beginning of the. eclipfeunto the time of ths 
greateft obfcuration, the colour znd appearance of the Iky was 
gradually changing from an azure blue to a more dark or duiky 
colour, until it bore the appearance and gloom -of night. - 

■ The dhgrtt of darkncjfs was greater than was tb be expefted, 
confidering the fun was not wholly obfeured.-^^^««j appeared 
bright in the weft ; Jupiter was feeri near the fun j Lucira 
Lyra near the zenith, and Aridef in the north^eaft near 
the horizon, appeared very bright. Several others , of the fixt 
ftars were alfo feen whofe fituations were not particularly noted. 
Objects at a fmall diftance appeared confufed j and we were 
obliged to make ufe of candles to count our clock. But as loon 
as the greateft oblcuration was paft, it was univerfally remarked, 
that the increafe of the light was much more rapid than that 
of the darknefs had been. 

As the darknefs increafed, a chtll zvA dampnefs Were very fen- 
fihljr felt. To afcertain the quantity oidew. that fell on a fquare- 

N foot> 
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foot during the eclipfe, we cut two pieces of very fine foft 
paper, exadly twelve inches fquare. Having weighed them in 
a nice balance, we placed them on an horizontal board in the 
open air. Juft after the greateft obfcuration we weighed one of 
them again, and found it's weight was increafedby the^^w that 
had fallen upon it, 44. grains troy. At the end of the eclipfe 
we took up the other, and found it's Weight increafed by the 
dew that lay upon it, but 3 grains ; it grain being evaporated 
as the light and heat of the fun increaied. By a fimilar expe- 
riment, the quantity of dew that fell upon a fquare foot the 
night before, was found to be 6-i grains -, the night after the 
eclipfe, 7 grains. Thus in i hour and 19 minutes, when the 
light aind heat of the fun were rapidly decreafmg, there fell 
two- thirds as much dew as fell the night before, or the night 
iifter the e<- lipfe. 

To determine what alteration might take place as to hmt or 
coldy we made the following obfervations on Farenheit's ther- 
mometer, which was hung up in the open air, on the north 
4i<ie of a tree. 



Time. 


■Themi. 


'Time. 


Therm. 


;«o'>,' .0' 


520 


I3h. ,6' 


53° 


24 


J4 


•20 


52 


,11 14 


57l 


'5 


5^ 


21 


. 58 


33, 


, -5° 


■' \i6' 


^■' -^ 


•42' •> 


-48 


M 


58 


45 


49 


49 


57 


1 24 


51 


56 


56I 


29 


54 


i^■ \ ■ 


56 


■3? , 


-54- 


, 3 


ss 


37 


55 


- ' >-r 


54 


tA 


58 



'I!© 
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3i3 this we may add, fo unufual a darknefs, damppefs and 
chHl> in the midft of day, feemed to fpread ,a general amaze- 
ment among all forts of animals : Nor could we ourfelves oh« 
ferye fueh Xmufual phenomena withojit fome difagreeable fe^ ; 
ingsst. ; . 

The latitude of the place, 
.Ccwiputed from the obferved zenith diftanceef the fun's ug* 

per limb. 

OCTPSJ^R 20. 

Zenith diftance of the fun's upper limh^ 54° 44' 15'* 

Refraftion, -+- i 20 

Sutt'« ^mirdiaijieter, .H- 16 8" 

'^i^n'e parallax in- altitude, — - ^" 

'iS^itb diflance of the fun's center, . J55 : 136" 

sfii^n's declination, fouth, . -—•! i,<¥ 44 22 



f^fc^tude, north, 44 L7 14^ 

October 24. 

^t^kh Mance of the fun's upper Hriib, 56 9' -i.f 

Refradion, -+- 1,2 c 

SUfi's iemi diameter, -t- 16 9 

Sun's parallax in altitude, — 7 

Zeaithr diftance. of. the fun's jeenter, 56^2544 

HSua'« declination, fouth, •— 12 8 43^ 

Juatitude, north, 44 17 1 

October 25. 

'Zenith diftaaccof the fun's upper limb, 56 z8 56 

N 2 Refradtion, 
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Refra<5tion, 


-4- i'26'< 


Sun's femi-diameter. 


-4- i6 10 


Sun's parallax in altitude, 


, . .— 7 


Zenith diftance of the fun's center, 


56»46 25 


Sun's declination, fouth, 


— 12 29 21 


Latitude, north, 


44 17 4 


Mean of the above. 


44 17 ^>n 



The LATITUDE computed from the obferved zenith diftance 

of feverd ftars. 
Rigel. 
Mean of zenidi diftances, takenOft. 24 and 25, 52 43 45 
Refrataion, 4- i 14, 7 

True zenith diftance, 52 44 59» 7 

Declin. S. Jam 1, lyyOfhyGreenmc/jOiJerv. 8 29 .0, 2 
Decreafein 10 years and 299 days, — r- 52*78 

Aberration, •- €,29 

Nutation, — 5j20 

Apparent 4eclin. fouth, 0<a, 25, 178P, — ^2753,93 

Latitude, north, 44 ^7 5>77 

JSirius, 
Mean of zenith diftances, taken Od. 24 and 25, 60 40 ^y 
Refradion, ' -h 1 4I' 2 

True zenith diftance, 60 42 38, 2 

Peclin.S. Jan. 1, 1770, byGr(?f«wV/5 0^ri;. 16 24 56, 1 
Increafe in 10 years and 299 days, -f- 45»97 

Aberration, r^ J^>'^4 

Nutation, 
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Natation, — 6 ",90 

Apparent declin. fouth, 0<ft. 25, 1780, — 16 "25 '24, 13 



Latitude, north, 44 17 14, 07 

Procyon. 

Meanofzenithdiftances, taken Od. 24and25, 38 29 32 

Refra<a:ion, -4- 45. 3 

True zenith diftance, 38 30 17, 3 

Declin. N.Jan. 1, 1770, by Greenwich Ohferv. 5 47 55, 2 

Decreafe in 10 years and 299 days, — i 20, 5J 

Aberration, 4- 4> 7 

Nutation, -{- 8, 10 

Apparent declin. north, Od. 25, 1780, -f- 5 46 47, 4> 



Latitude, north, 44 17 4> 7.- 

Mean of the above, 44 17 8, 1.; 

J-atitude from obfervatlons of the fun, 44 17 6> 3^ 

.Latitude from obfervations of the ftajrs, 44 17 8, i 

JMean of both, 44 17 7> 2 

In computing the latitude I have made ufe of the table ♦ 
•zefradions inferted in the Greenwich obfervatlons. But fro 
feveral obfervatlons I hai^e reafon to think that the refradtio; 
MPembfcvt-Bay are not uniform and regular j but that thv 
^ary very much with the winds and weather in that uncultiv 
*ed part of the country. 

. As to our longitude, I could have wifhed to have had fonv 
flWervatioas «f the ecjipfes of Jupiter's fatelUtes, and of the oc 

cultatio 1 
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Cultations of the fixed ftars by the moon. But no obiervatiohS 
of this> kind could be made. Goiiiparing my obfervation of 
the beginning' and end of the eclipfe with obfervations made at 
Cambridge, Chelfea, and Be-verly,- and thence computing the 
difference of meridians, I find our obfervatoiy on Long-IJland,. 
was 9' 20 " to the eaft of Cambridge. 

The longitude of the place of our obfervation agrees very well 
with what we had fuppofed in aur calculations. Biit the lati- 
tude is near half a degree lefs than what the maps of that p&vt 
of the country had led us toexped. Onthi&account our fitu- 
ation, inflead of falling within the limits of the total darknefe, 
|)roved to be very near the fouthern extremity. 

10. Obfervations of a lunar eclipfe, November 1 1, 1780, at 

Camh'idge^ 

: The clock was regulated by equal altitudes of th^{^n,takeb 

by Mr. Gannett andMr.Mellen. At 8''-4o', I meafured the moon's 

diameter parallel to the horizon with an oBje(S-glds micrOMe- 

tdr/and by a meanof feven obfervations, found it tO'be 3(^''45 *',9,. 

Beginning of the eclipfe, by 

Mr. Wdliams, with an- achromatic telefcopfe Temp. 4>p. 

magnifying 90 times, 10^21 ' 9/' 

Mr. Gannett, with a reffedor magnifying 5 5 times, 1021 2 3:1 

J. Dawfoa, with a refledor magnifying 60 times, 16 21 !35R 

End of the eclipfe, by 
Mr. Williams, ' 13 22 22 

Mr. Gannett, 13 22 '21 

Mr. Mellen, with a refledor magnifying 5 5':tinics, 13 aai-ij^. 

At 
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At the time of the greateft obfcuratlon the quantity of the 
lucid part, as near as I could meafure it with th6 iaiicrometer^ 
amounted to. 5' 39", 2.-— But this obfervation, and thofe made 
on the end of the ecUpfe, muft be viewed as attended with fome 
uncertainty. The fliadow of the earth, throughout the whole 
eclipfe, was very ill-defined : And from the middle to the end 
of the eclipfe, the moon was partly obfcured by very thin 
whitffh clouds, which made it extremely difficult to drftinguifli 
the limits of the fliadow, or the exad time when it left the 
moon's limb. 

II. Obfervations of a lunar ..eclipfe, March 28, 1782, at 

Cambridge. 
Three gentlemen of the Univerfity obferved this eclipfe with 
me : — James Winthrop, Efq; Librarian, John Mellen, A. M, 
Mathematical Tutor, and Elijah Paine, A. B. The obferva- 
tions we made were as follow. — 

Mr. Williams's obfervations. 



Beglnningof ^e eclipfe. 


Temp. app. 

I4''-I3'i6'f 


Shadoy/ reaches I'ycho, 


28 58 


Gritnaldus, 


31 3 


covers Grimaldus* 


37 51 


reaches Copernicus y 


15 4 10 


Mare Tranquillitafis, 


8.40 


lycho appears, 


16 26 27 


leawe$ ■ 7j¥^, - 


28 19 


Mar^ Crifi^My, , 


, ;29 ?5 


End of the eclipfe. 


53 41 


End of the penumbra, 


ss 51 




Thefe 
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Thefe obfervatdons were made with an achromatic tcleicopc 
magnifying 90 times, made by Nairne. At i3'*- 30', I mea- 
fured the moon's horizontal diameter with an objeft-glafs mi- 
crometer applied to a refledling telefcope of 1 2 inches focus, 
made by Short, and by a mean of five obfervations I found it 3 3 ' 
12 ". The. greateft obfcuration was at i^^"},^' 3.3 ", when the 
lucid part of the moon, meafured by the micrometer, was 1 1 ' 
31 ", amounting to 4 digits n ' : Whence the quantity of the 
eclipfe was 7 digits 49 ' . 

Mr. Winthrop's obfervation,. 



Ecllpfe began. 


Temp, app* 
I4»>-I3'42'' 


Shade reached 'Tychot 


28 5. 


Tycho, wholly eclipied* 


30 24. 


GrimaUus, 


33 27 


Grim^ldus quite ecHpfedj 


37 42 


Infula Ventorum eclipfed, 


59 22 


Copernicus, 


15 4 6 


Cujps horizontal. 


4S 59 


'J'ycho begins to emerge. 


16 26 6 


quite out of the fliade. 


27 49 


End of the eclipfe. 


53 15 


End of the penumbra, 


5% 45 



Mr. Winthrop obferved with a reflector, mad^ l^ Nairne, 
fitted with vertical and horizontal wires, magnifying $$ times. 



Mr* 
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Mr. Meiien'i obfervatk)H, 

Temp. app. 

Beginning of the eclipre, I4'^-I4' 5'^ 

Shadow firft touched M^r^ IZ«/»cr«w, ^3 43 

Sinus Epidemarum, 23 44 

'Tycho begins to immerge, 27 7 

wholly immerged, 28 34 

Gr/»?(7A/«j begins to immerge, 31 41 

wholly immerged, ^7 5^ 

Laujbergius begins to immerge, 49 46 

/»/«^ Vent or urn begins to immerge, 53 21 

Copernicus begins to immerge, 15 3 c 

wholly immerged, 14 i 

M?r^ Crijium begins to immerge, 27 51 

Tj/f^o begins to emerge, 16 25 51 

wholly emerged, 2821 

M?r^ Crj/?»»z wholly emerged, 29 51 

End of the eclipfe, 54 36 

End of the penumbra, 55 3 1 

Thefe obfervations were made with an achromatic telefcope, 
made by Dolland, magnifying 40 times. 

Mr. Paine' s obfervation. 

Beginning of the eclipfe, 14 14 26 

Shadow reaches Gr«««/^ax, 32 16 

covers GrimaldiiSf 35 59 

tQ&ches Copernicus, 15 2 54 

Gr/z«^/(3'«J- begins to emerge, 38 23 

is wholly emerged, 42 17 

O TjcAo 
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Tycho begins to emerge, 1 6^- 26 ' 49 *^ 
is wholly emerged, '^T S"^ 

Mare Crifmm wholly emerged, 29 i S 

End of the eclipfe, 53 i r 

End of the penumbra, 56 11 

Mr. Paine s obfervations were made with a refleflor, made 
by Short, magnifying ^^ times : But this was the firfl ecHpic 
he had ever obferved. 

Theie obfervations were made at the houfe of ProfefTor JFilli^ 
a?ns. The times were /hewn by an excellent aftronomical clock, 
made hyElltcott, which was carefully regulated by correfponding 
altitudes of the fun. The weather was very favourable for ob- 
iervation. 

In lunar ecliples the fhadow Is £0 Imperfectly liefined that the 
beginning and end can feldom be obferved without an uncertain- 
ty of one minute, and Ibmetimes of two or three minutes. In 
this eclipfe, the circumftances were favourable for obfervation,. 

To have a comparative view of the feveral obfervations, tliofe 
phenomena are fet down in- the following table, which- werci 
noted by each obferver.; 



Phafes obferved by MeffVs, . 


"Williams, 


Wintliropk 


Mellen, 


Paine. 


Beginning of the eclipfe. 


I4''i3 16' 


14" 13 '4*' 


H H' S" 


I4'> 14' 2$? 


Shadow reaches Tycho, 


28 58 


28 5 


27- 7- 




Grimaldus,.^ 


3,1 3 


33 27 


31 4» 


32 i& 


covers Grlmalduiy 


37 51 


37 42 


37 51 


3S 59 


reaches Coprnkus, 


15 4 iO 


15 46 


>5 3 5 


15 2 54 


TjC/Jf, begins to emergej 


16 26 27 


16 26 5 


16 25 51 


16 26 49; 


■wholly emerged, 


28 19 


27 49 


28 21 


27 5*. 


JlTareCrj/ium whoUy.emerged, 29 25 




29 5» 


29 18, 


End of the eclipfe. 


53 41 


53 15 


54 36 


53 'i 


End of the penumbra, 


SS i« 


SS 45 


SS 3' 


56 II 








12. Obfervations. 
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1.2. Obfervations of a folar ecliple, April 12, 1782 j at Car/t- 

bridge. 
We had not any compleat cbfervation of the beginning of 
this eclipfe, being interrupted by fmall fleeting clouds paffing 
over the fun. At 1 2''- 10' 45", I had a clear view of the fun, 
and could not fee any appearance of the eclipfe. At 1 2"- 1 1 ' 
15", I difcerned a darknefs upon the weftern limb, but could 
not determine whether it was occafioned by a thin whitifh cloud 
which was then pafTmg over the fun, or whether it was the 
"beginning of the echpfe. At 12''- 1 1 ' 45 ", the cloud left the 
weftern limb, and it was apparent that the eclipfe began fomc 
time before. From thefe circumftances I think it probable 
that the .beginning of the eclipfe was very near 1 2'^- 1 1 ' 1 5". 
Mr. Paine made the fame remarks upon the beginning ; but 
noted the darknefs 5 or 6 feconds fooner than I perceived it. 

; At. the end of the eclipfe we had very good obfervations i 
the air being clear, and the flcy free from clouds. Thefe ob- 
iervatioDS were as follow : 

Erid of the eclipfe 

By Mr. Williams, with an achromatic telefcope Temp. app. 
> naagnifying 90 times, 2^- ^i' 30'^ 

|3y Mx. Winthrop, with a refledor magnifying 55 

times, 2 51 28 

By Mr:' Mellen, with an achromatic telefeope 
■ liiAgmfying 30 times, 2 51 29 

By Mr. Paine, with a refledor magnifying ^$ ■ 

Jtiiftes, 2 51 15 

O 2 At 
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At I •^- I meafured the fun's horizontal diameter with an ob- 
je(ft-glafs micrometer, fitted to a reflecting telefcope, and by a 
mem of five obfervatioas foani it 31' 54". At i''- 34', the 
obfcuration was the greatefl : The lucid part of the fun was 
then 1 9 ' 9 ' ; whence, the greateft eclipfe was 4 digits 48 '. 

13. Obfervatioiis of a lunar eclipfe, September 10, 1783, at 

Cambridge. 
The moon rofe behind a cloud that lay along the horizon. 
At 7^- 20', I faw her totally eclipfed. The eaftern part was of 
that duiky copper-colour which is ufual in total eclipfes : But 
the weftern jmrt was fo obfcure as to be almoft invifible, except 
a circular appearance of light round her limb. At -f"' 27 ", the 
clouds broke away, and I had a good obfervation of the 
End of total darknefs at 7''-4i ' 53*' 

In a few minutes the moon was again obfcured by clouds : 
But at S*"- 1 5 % they difperfed and left a very cl^r iky y after 
which I made the blowing obfervations : 
Mare Serenitatis wholly emerged, 8 22 38 

Mare Tranquillitatis vfhoWy &mtvgtd, 31 3 

M«r^Cr^a/« begins to appear, 31 33 

bifeaed, 33 3^ 

wholly emerged, 35 43 

End of the eclipfe, 4^ 8 

Thefe obfervations were taken with an achromatic telefcope 
magnifying 90 times : But the fhadow did not appear to be 
very diftindtly defined. 

Mr. Mellen, with a refleding telefcope magnifying ^5 times, 

made the following obfervations : 

End. 
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Temp. app. 

End of total darknefs, 7^'^^' 48'' 

Langrenus wholly emerged, 8 34 4 

End of the eclipfe, 42 3 

Mr. Paine obferved with an achromatic telefcope magnifying 
30 times. By his obfervation 

The end of total darknefs was at 7 42 1 8 

Bright fpot in Mare Vaporum wholly emerged, 8 14 28 
Mare Tranqw'IIilatis whoWy emerged, 31 88 

End of the eclipfe, 42 1 3 

Both thefe gentlemen ohierved with me ; and the times were 

taken by the fame clock. 

The lafl eleven eclipfes were all that could be obferved ia 
this pairt of America, from Jan. i, 1770, to Jan. i, 1784. 

Obfervations of the eclipfes of Jupiter s fatellites. 



V%i. 




Temp, s 


w- 






June 


25» 


g^- 48' 


30" 


' Em. 


2d fatellite. 


July 


2, 


12 21 


54 


Em. 


2d fatellite. 




3. 


12 9 


53 


Em. 


lit fatellite. 


Aug. 


27, 


9 6 


25 


Em. 


1 ft fatellite. 




28, 


9 3 


49 


Em. 


2d fatellite. 


Sept. 


12, 


7 V 


29 


Em. 


I ft fatellite. 



Thefe obfervations were taken with an achromatic telefcope 
magnifying about 300 times. If they are compared with the 
calculations in the Nautical Almanac, the mean will give 4''* 
44' 36*' for the difference of meridians between the Royal Ob- 
fcrvatory at Greenwich, and the Univerlify at Cambridge in 
America, 

Obfervations 
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Obfervations of the Tranrits of Venus and Mercury over 
tlie Sun, in the Years 1769, and 1782. 

I. An obfervation of the tranfit of Venus over the fun, 
June 3, 1769, at Newbury. 

'- The tranfits of Venus over the fun are among the moll un- 
common and uleful phenomena which aflronomy ever prefents 
to our view. 1 had the happinefs of feeing that of 1761, at 
St. Johns, in Newfoundland^ attending the late excellent Dr. 
Winthrop in his voyage and obfervations at that place. That 
of 1769 I obferved at Newbury, at the feat of Irijlram Dalton, 
Efq; a gentleman of Newbury T-Pori. 

The telefcope I ufed was a reflcdlor, made by Nairnc, n^iag- 
alfying about ^^ times ; a good inftrument, but not fitted with 
a micrometer, or with vertical and horizontal hairs, as I could 
have wifhed. The clock was a very good one, and carefully 
adjufted to apparent time by correfponding altitudes of the fun. 

The weather for ieveral days before the tranfit had been dull 
and rainy ; but the third of June proved favourable to our 
wilhes. The air w^s uncommonly clear, and the fky ferene. 
About twenty minutes before the tranfit was expedled, I began 
to keep my eye flseadily fixed on that part of the fun's limb on 
which the planet, by calculation, was to enter ; an afiiftant, 
counting the clock in the mean time, while another Hood by 
to write down . the obfervations. Thus prepared, we waited 
with a kind of agreeable anxiety for the high fatisfadion of fee- 
ing Venus on the fun ; a fatisfa<Slion I had once before enjoyed 
in viewing the tranfit of 176 1, and which I knew mull end 

with 
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with that of 1769. A fraall irregularity on the fun's lin^b 
feemed to denote the approach or firfl appearance of the planet. 
At 2^- 30' 14" apparent time, I fufpedted I faw ajmall dijiurb- 
ance on the fan's limb : But the impreflion was then fo fmall, 
irregular, and ill defined, that it was not till after feveral feconds 
that I was certain the tranfit was begun. The impreflion in- 
Greaiing and growing more diftii <ft, I fixed on the time men^. 
tioned . bcve as the time of the external contaSf. By obfervers, 
in the fame ftate of the attnofphere, with telefcopes and eyes 
equally good, and fixed on that part of the fun on which the 
planet entered, I imagine this firft impreflion might have been 
obferved to an agreement of five or fix feconds. 

Soon after Venus had firfl: touched the fun's limb, the whole 
of her difc became vifible : She appeared circular, and. was fur- 
rounded with a pale glimmering light, not very diftindtly defin- 
ed-. From this appearance I concluded it would be impofllble 
to fix upon the precife moment when her limb would be exadtly 
coincident with that of the fun, and, therefore determined to 
Wait till there fliould appear a fmall thread of light between 
them. As the internal contaSi drew near, the thread of light 
began to form, and feemed to dart on each fide of the planet for 
lever al- feconds without being fixed or fettled. At 2^-^%' 44 ", 
with a leeming uncertainty of not more than feven feconds, it 
became clofed and fixed. Venus then appeared wholly within 
the fun, feparated from his limb by a fineftreara of light flow- 
ing gently round it. This I fixed upon as the internal contaEl; 
Not h wing a micrometer y or hairs fixed in the refledior, inflead 
of miJiing any further obfervations, we could only enjoy the 

pleaflirs 
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pleafure of viewing this curious phenomenon, and fhewing it 
to a number of gentlemen who had affembled on the occafion. 

In the above account of the contaSis the duration of the in- 
grefs or paflage of Venus over the fun's limb, is i8' 30 "j near 
jOne minute longer than in moft of the American obfervations , 
By theory it (hould be 1 8 ' 56" ; but as this muft have been 
contrafted fifteen feconds by parallax at the place of obfervation 
the apparent duration of the ingrcfs would be but 18' 41 "^ 
that is, eleven feconds longer than it was made by obfervation. 
I much doubt whether it was poffible to difcern the planet fo 
foon as eleven feconds after the firft contadt, when not a fecond 
of its diameter had entered upon the fun. It feems more proba- 
ble that the internal contaSi was pafl before the thread of light 
appeared to me to be compleated. 

The latitude of the place where this obfervation was made is 
42° 47', north. With regard to it's longitude, the mean of 
fix obfervations of the eclipfes of Jupiter s fatellites, give it i' 
26 " in time eaft of Cambridge. 

II. An obfervation of the tranfit of Mercury over the fun, 
November 9, 1769, at Salem. 
The tranfits ot Mercury, though they, are not of equal ufe 
in aftronomy as thofe of Venus, are yet of great advantage to 
perfea the elements of his theory, and to determine the longi- 
tude of places on the earth. I had an opportunity to obferve 
one of thefe tranfits at the houfe of Andrew Oliver, Efq; at 
Salem. 

The 
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The 6nly in^ruSSrtiit vire could procure was a refle6ling tele- 
fco^ magftifykig a^tit 60 times. To afcertain the time I wa3 
dhliged to make ufe of a ivatchy which for feveral days was 
easSMt)? regukteiGbby the fun's paf&geover the mepidkn.-*'^-^ 
Taking the miiitsfe^ ftom the watch^ I counted feconds from 
one mimstc to another- Aaid from die pains I took to Be t^&f 
I believe the tim^ was wdil fk^nted out this way, tfeiU^ fije& 
as an Aftronomer would by no means chufc^ 

At 2'''^54<' 40;'' £^)parent time,. jSCercury came pn. the fun's- 
limb as it were in an initant,, in. the form. o£ a clear;, regular,, 
wdlr-defined black fpot.. The internal confab was equally in- 
ffentaneous. At 2"^ ^6' o'', the thread" off light clbHwl to ap- 
pearance in a moment,. A^ithout a feraiihg uncertainty of one 
fecond.. The. flcy/ being, perfectly clear and ieroi^. nothing 
eouldbe better defined than the limbs of Mercury and the fun : 
B»t die tclefc(^e did not admit of any further obfervations, 
dither c£ the diameters q£ thst fun. andf Mercury,, or ther Ifsrft 
diituicc of: their- limbs.. 

The latitude of jS^/ffw is 42" 35' nortli ; and^tts Ic^gitude 
is about I.' I5f' in;timeeaft of Cambridge.. 

Hf.. OtiftaY^tibns' of tJile' trattfit oF Mercij^* over the iJto,- 
Nbv.. 1-2,; 17:8 2i at theUniveirfity itiCanih-M^.. 

Two gentlemen; of^ die Uiuyerfity obferved this tranfit with 
me : "Jdtmsi Winthropi Efq; Librarian, 2sA\EJijah Paine ^ , A. B. 

TfifeirtilruraehtS which Itifed^^in dbfero«mg this traMti wei'e 
an aehroftiatic. tde&ope ma^ by Nairm, with a magn^ing 
jgowerof 150 J a reflcding telefeope fitted with an ofejeiS-* 

B glafs 
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gl^fs micremeter mudc by S/jort, with-^^qiagnifying power of 
6cj j and an aftronomical clock niade by ElUcatt. To regulate 
the clock with the greateft accuracy I took a large number of 
correlponding altitudes of the fun every day the weather Avould 
j^cmit from the beginning of OBober, and found by the moft 
careful attention that it kept equal time very exadly : The 
greateft error at any time pot being more thstn two feconds in 
twenty-four hours..: :, 

On x!iXQ. 1 2 th of Novenibjer the weather was fair, but the air 
was not in the mqft favourahle ftate for obfervation. Viewing 
|he fjin with' an excellent achromatic telefcope^ I found the 
fpdts on the.difc well defined j .but the limb appeared to have 
an irjregiitar, treiMuldus' motion. This tremor, or " undulation 
of 'the fun's limb. Was .of different degrees atdiffer^nt times ^ 
but it did not wholly ceafe any part of the day. 

At 9**55', Ibegan to^keep-my eye fteadily fixed on that part 
ef'fhe-fun'-s limh on -which -the pMdE^was toenter j and at le^ 
6' o" apparent time, I faw the firft appearance ^i- Mercury. 
The .impreffion feemed to be fudden and ini^antaneouSj and virit;h- 
out any uncertainty as to the time,. "But the appearance was 
not like the contadt of two circles, or tike that 6/ a well-de- 
fined ^biack -fpot entering upon the Ion jtjut, rather like a dark 
oval fhadow inftantly entering and mixing with the fun's limb. 
Plate I. Fig. .VIII. While Mercury was thus entering upon 
the fun, .no part of it was vifible b'ut'that whic'j^'wfts vvithin 
the fun's difc. It's figure appeared tolDC dKptifcal: The greater 
ajfis fe^ed to pafs through ;f he ' poin|: *of conta(ft» and tO' te 
about one-third longer than the other.- ^ThiselHptic^^ appear- 
ance of the planet rnade it impoffible, to defera^inie when .the 

limbs 
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limbs of the fun and Mercury exactly cointided. I therefore 
eftimatied the internal confaSi by the firfi: appearance of "a finidlf 
thread of light between theni. Tliis tb6k ^lade at^ i o|^ 1 2'^-'K 
The elliptical appearance was theii wholly gone, arid Mercury 
appeared circular, and perfedtly well-defined. But the trfeMu- 
lous motion of the fun's limb was then fo great, tha!t tliis obfeir- 
vation feemed to be attended, with an uncertainty of eight or 
ten lecoiids.. 

When Mercury was ^^fiatly within the fun, I applied myfelf 
to the micrometer to meafafe the diteieters cf'theftiriaraHVfei'-ii 
Gury, and the leaft diftance of their Hrtibs. By a mean of eigHt 
obifervations taken during the tranfit, I foundthe f&n's hori-;. 
zontal diameter to be 32' 21 ", 85 : This was the Tame with 
therefult of feveral fimilar obfervatibns made a little Ixfore 
the tranfit Began, and juft after it ended. To afccrtain tlie^-fi* 
ameter of Mercury; Irrtade twelve obfervations ' af different 
times during the tranfit; The greateft c-are was^ taken to have 
^em. accurate :■ And. the mean of .alLthe meafures gaveit 9'',, 
247. ■ 

In obferving the leaft diftance of the limbs of the fun andl 
Mercury > I made the following obfervations : 
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, I ffituud confiderabte di^culhr in ni^afuring fuch fm^l dif- 
taoces.— But the u.tinQft attention was paidi to thefe obfecyations* 
a$,j?^ing foiijefif the Ripfi ufeful ^ndimpprt^uit pjf t|ie ^'^hple : 
Aljd Ib^eye they yvere taken yyith as much exaftnefs as the in- 
ilraqfiept^ j^puJliSi a^Ojit. Xhpfe ii^ar the middle I ^fteemed 

"As Mercury approatfhiJd the limb of the fan I again uJed 

rthe achromatic. telefcope ; and at ii''- 23' 8", obierved the fe~ 

€ond intern^ conta^.^ M.ercuiy yya^ theii pprfe/aiy; circul^- and 

wft^-4fi^6jt^,j ap4,th^»w|fcilatipn of;,ti^^ th^a 

^^tfi, y^ filj^tv^^nd^^ x>&t app^jtp m.e,tolpp attended 

wi^.an ,^^^^3?0f nwi¥ i^an fo W^i% 

Mercuiy wgspajflingthe/un'slinib, it'« foraa again appeared 

el%tjc4f wpd. ^e;%ne phenqmena took .place ."VK^ieh were 

noj^: atj^ibe-forrt^contadts, bjit in a muehlefs dj^fie^ Ju|J: b^^ 

fpre^^^c ^ pf ti^ traofit, thelunbs.of Afcrcuiy and the fun 

apgcarfd-tp be blended and,niixed tegether. At 1 1'^ 29' ig/', 

Mercm^r fe^med inftantly to break oi^ feparate, and. di^pgear. 

Jhis obfervatipn I efteemed tbempft exaft of any I had made.* 

To 

* America "Was the moft favourable place for obfcrving this tranfit : And tlie 
andulation of jlie fun's liipb feeius to have been greater, in fopie parts, of Europe, 
than it was,here. jOw Ijucbiacconnts the American obfervations may be of much ufc 
.in tbc; records of aj[ii"onomy. By a' letter from M. de la Lande, dated Paris,:Febru- 
ary 14, 1783,.! fin4 they, have been viewed in this %ht,by the Rqyai. Academy of 
»GciE^CES AT Paris. "J'ai.recu, Monfieur, ayec une. extreme fatisfa^ion vos lettres 
*' avec les obfervations qui y etoient renfermees. jfe lesai:prefentee a 1' Academic 
*' des Sciences, . qoi-m'a cliarge de vons enfaire fes remercimensj etqui les.a itC' 
" tjnees a I* impreffioij. J' ai donnemoime au journal 4es favans votre obfervati- 
" op du paffage de Mercure, qui m'a fait d' autant phis <5c plaifir que notre cib- 
»'" fervation de Paris etoit fort douteufc a wufede 1' ondulation des bords du folci]," 
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To afcertain the diameter of.the fun by other meafures, about 
I2''' I made-feveral obfeFvatioas of his pafTage over the meridi- 
an . Thefe obfervations were taken with a tranfit t«lefeope, fit-i 

ned with three vertical hairs. The times were fhewn by a cu- 
rious watch, which, diftinguifhes to a quarter of a fecond. The 
mean of ten obfervations gave 2' i6", 2, for the time of the 
fun's pafling tiie meridian. This, reduced to parts of a circle, 

: 2nh multiplied by die co-fine of the fun's declination, gives 
32 ' 24'V-^o, for iflie.^n's apparent diameter. 

Mr. ^i»t&rap's6h{erv3itioa. 

The telefeope Mr. Witt^irop afed was a large reffeaor, made 

ihy S^pri, It's apperture i& eight inches; and itss fpcd^iift^ce 

forty-eijbt. It ha^ four-magnifying; powefs— ^120, a6o> 386^ 

and 5QQ. Th^e n^gJiifying, power Mr. WimHrpp ufed was 

26a. With this fee obferved 

The firft external contad &t 
The firfl: internal conta<ftat 
The^cond internal <:ontad at 
The fecond external contad at 

With regard to thefeobfervatsons it fliouldbettcited, that the 
times in both our obfervations /vwreiafecn: % the fame clock -j 
but Mre obferv^ stt didereftt parts^^Tof^the: houfe^ and (Wijiiout 
any kind of communicition tpg&km. ^I^ «)bat««^€>f» <sf tfee 
firft external eontad; differ thiiTty-one-feconds. Thbfe of the 
hdk ir^ternal Gontad are withiii- fet fecbiid*; Tiw^J^tlfti fe- 
cond iijternal contad differ but three feconds^-:' And' in :thefe of 
thA^kf^ external eontad therr is ifwdifterenee- at all. ll^'obJ^ 
, - ferx'ation 
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fervation of the laft external con tad Mr. Winthrop fuppoies- 
was attended with the greateft certainty : And lie noted thoic 
optical phenomena which have been mentioned. 

Mr. Paine s obfervation. 
Mr. Paine ufed a refledor made by Nairmy. magnifying jioe 
times. This telefcope is fitted, with vertical and horizontal 
hairs ; and is lb, made that thefe hairs may b« adjufted to any 
fituation ; to obferve dififerences of altitude and azimuth, or 
thofe of right afcenlion and declination.. 

By his obfervation, the firfl external con tad: was at id^j^"^. 
Theinternalcontad was not accurately notedl. 

During the traiifiti hemade thefollbwing oblcrvationsof thfe 
difference' of ri'ghf afcenfion between the limbs of theilan.and 
Mercury : The hairs in the focus of the refledor being fb 
placed that the upper limb of the fun appeared to 'move along 
one hair, and of confequence, the other was perpendicular to- 
the Equator. 

r.- 
Sun's preceding limb at the hair. 
Mercury's center at the fame. 
Sun's fucceeding limb at the fame, 

z. 
Sun's preceding limb at the hair, 
Mercury's center at the fame, 
Sun'& fucceeding limb. at the, fame/ 

' 3- 
Sun's preceding limb at the hair/ 
Mercury's center at the fame,. 
Sun's fucceeding limb at the fiune. 
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4- 
Sun's preceding limb at the hair. 

Mercury's center at the fame, 

Sun's fucceeding limb at the fame, 

5v 
Sun's preceding Hmb at the hair. 

Mercury's center at the feme. 

Sun's fucceeding limb at.thejfeme, 

Sun's preceding limb at the hair. 
Mercury's center at the fame, 
^un's fucceeding limb at the fame, 
Lafl internal conlad, 
Laft external contad;. 

In refpeft to Mr, P^/K/joblervationsof the contadts wcinaf; 
remark, that.they appear to have bjeen carefully made, notwith-* 
ftanding they differ fojnuch frem thofe juade with much larger 
telefcopes. The difference in the obfervations evidently arofe 
from the difference of telefcopes. Mercury was feen with an 
achromatic magnifying 150 times, i"j" fboner at the firll con- 
tad, and I ' 13 '^ later at the laft contafl:, tlian it was with this 
fmall reHeSor. The mean of thefe, i ' 10", may be taken as 
the difference whicTi arofe from the liifference of telefcopes in 
obferving To fiiiall an cbjeft as Mercury, in fuch a ftate of di^ 
atmofphere. Allowance, being liiade for this difference, Mr. 
Paiwe's' xabfervations of the contadt will be fou^d to agree as w^U 
with -the other obfervafions of the contad, as they do with each 
other. The obfervatiolis of the 'differences of jight afcei^n 
would be veiy little afftided by this%ufe, andiherefore do not 

want any corredion. 

From 



Efom thefe observations it^p^ be eafy to Gompute all'tHe- 
cifcumilances of this tranfitj and. the principal, elements of tibe:^ 
tbeetry of Mercury;.. 

Thm» Plate. I.. Fig: IX. let the«&de iEA:Q;;_nq>refenfcthe: 
fun } NS the eeliptip •„ iEQ^afc f^rallel to- the equator j VA;^ 
the apparent path of MeKury ;> I^ gart of Mercmy^sofbit.. 
SA. is a perpendicular, to the eq^iat^. ; SE a? perp^idicukr tO" 
the eeHptic j and»SM; a perpendicnlari toMercury's vifible way. . 
Theimddle (rf the tranfit will be when Mercury arrives at the- 
jQ^itMj the.ecUptical;conJundSoac,at E i ffldrthe €onjijn<ai<Mi; 
kijighfei afcenfioa at A : And.Ni.wilI re^ref^t.the place of j" 
IVlercjary's afcending node., 

Thc:middleLof the tranfitis given by theobftarvasidn* of the^ 
coatadfe. Thisi. 

Ttmj^ app.„ 

By my €^rvati(WiS of tfieextemalfeanta£5S,.wasat* ro'^^y '39",^; 
^ tlsttfe o£ itm internalfeontaas,, - la 47 sy, 5: 

Mf Mh Win drop's qM. of the internal' Gonta(!t% 1 q 47 39 

The mean of which may be.a(rumed; as moft exadt; , ; o 47 3 8 ,66s 
The vifibKeonjuniaion of the. fun and Mercury in right af- 
cenfion, may be dqdiwjed from Mn.Paine's obfervations o^ 
their; dJfKrepeeSj&c., The, refult of thefo obf^vations, ast 
have deduced-thera from^ calculation, are as follow : 
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The apparent diameters of the fun and Mercury iJrc alfo de- 
'tepmined by obfervation . 

By the micrometer meafures. Mercury's diam. was g^'^Z^j 
TThediam. of the fun by the microm. meafures was 32' 21, 85 
By the time of it's paffing the meridian, 32 24, 20 

Themeandfwhichmaybetakenasmofl exact, 32 22, 96 

. The leafl: diftance of centers is alio had from obfervation. 
By the micrometer meafures this was i^ 43, 70 

, To examine the obfervatiensmadebythe micromet^-, Icom- 
,puted by trigonometry what the leaft diftance of centers would 
be -by calculation from the obfervations of the con tads. The 
trefult gives the leaft diftance 

/By my obfervations of the external contadls, 15 44, i 

By thofe of the internal con ta<^s, 15 43, 5 

■ByMr.Winthrop'sobferv. of theinternalcontads, I5 43, 6 
The mean is the fame as by the mic-remeter, ^5 43> 73 

' From the obfervations of the diameters and leaft diftance of 
centers, we may compute the length of the apparent tranfit- 
line, and Mercury's vifibk horary motion from the fun. In 
■the right-angled triangle SMw, we have SM the leaft diftance 
^of centers, and Sm the fum of femi-diameters. Multiply the 
%he fum of Sm and SM by their difference, the fquare root of 
the produ6t will be the lengtii of Mm. By fuch a calculation 
(all the Cfrcumftances of the ohfervations heing taken into coa- 
rfideration) the length of the tranfit-line, eftimated 
•By the external contad-s, is 496 ",2 

iBy «he internal coRtads, is 423, o 

And hence, 
■B^ proportion, 8 's vif. hortiry mot. from the fuhwa« 5' 57, 33 

Q^ From 
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•From tke£e ikia we may determine the angle of Mercury's 
vifible way with the ecliptic, the geocentric latitude, and the 
time of the ecliptical conjundion. In the right-angled trian- 
gle SMA, SM is given, and MA is known by the vifible hora- 
ry mbtion of Mercury from the fun. Hence, we can find SA,. 
and the angle MSA 26° 1 3 ' 28 ". ESA is the angle made by 
that parallel to the Equator which paffes through the fun's cen- 
ter at the celiptieal eonjuntftion, and the ecliptic ; and is equal 
to the ftm's declination at that time, 17° 52 ' 55". Subtract 
this angle from MSA, and we have the angle MSE, the angle 
of Mercury's vifible way with the ecliptic, 8° 20' 33". Again,, 
in the right-angled triangle SME, we have SM, and the angle. 
MSE ; from which we can find SE and ME.. The former is 
the geocentric latitude, and the latter is the difference between 
the middle of the tranfit and the ecliptical conjun<aion» By 
fuch a calculation correded by parallax, at the ecliptical con- 
jundtion the geocentric latitude of Mercury was 15' 56", 8 r 
And the time of ecliptical conjundlion, Nov. la*^- ii'^-io' 58". 

In the above calculation, the parallax of Mercury from the 
£in at the ecliptical conjunction, is Hippofed to be 3", 09 in 
ktitude, and. 1 ",50 in longitude. 

The geocentric latitude and the angle of Mercury's vilibk 
way with the ecliptic being known, wecanalfo determine ^e 
place of Mercury's node, and the inclination of his orbit to the 
plane of the ecliptic. If we affume Mo-cuiy's dif^ance from 
the earth to be 67683, and his diflance from ihe fun 3.1198, 
his heliocentric latitude at the ecliptical conjuniaion will be 
34;' 36"; his horary motion in the ecliptic, 15' iB",zt ; and, 
his horary motion in the ecliptic from the fun, 12' 47", or. 

Then 
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Then, in the the right-angled fpherical triangle VSE, SE and 
the angle VES are known ; from which we can find the fide 
SV, 3* 55' 33''. If this be incrcafed in the ratio of 12' 
47", 01 to 15' 18", 21, we ihall have the fide SN, Mercu- 
*y's diftaace from the node, 4° 41 ' 59' '. Subtrading this from 
7®' 20" 26' 36 'i the fun's place at the time of ecliptical con-^ 
juEHftkm, (by Mayer's tables) we fhall have the place of MefCU^ 
ay's afcendiag node in «, 15° 44' 37". 

Again, 'in the right-angled fpherical triangle SNE, the fides 
SE and SN are given : From thefe we can find the angle SNE 
the inclination of Mercury's orbit to the plane of the ecliptic. 

In computing die place of Mercury's node and the inclina- 
tion of his orbit, the calculation chiefly depends on the angle 
of Mercury's vififcle way with the ecliptic. This may be com- 
|mted from the obfervations of the contaSis, But a very fmall 
£nor in thofe obfervations, will produce a very confiderable one 
an the <iedudtions. It was therefore thought beft to deduce it 
irom theobfervations of right afcenjiony which are equally con^' 
iseaient, and more numerous. 
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